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NOTE ON CLIMATOLOGICAL AVERAGES. 

It, ha+ always been very difficult, t80 clearly tlemoiistrate 
either c*linapes or agreements n s  t,o t81w climatic coiitlitions 
of tliffcwnt hc:ilities, or of tlifferent, periods and princi- 
pally hecituse of n wniit of  lioniogeiiirty in the lengths 
of the p e r i d s  or the faithfuliirss o f  tlie respect,ive rec- 
ortls of trni )ernt8ure, rainfnll, cloudiness, et8c. If the ex- 

the y c ~ r s  of rccord are homogenoiis, and t8he individual 
observers theniwlvcs :we not chnngecl, tBen we may confi- 
dently hope that the resu1t:tnt climatic averages will be 
s t8ri c t 1)- c ( 

C‘liiiintes nre the results of  the act8ion of ineteorological 
influences for many years, nnt l  must be defined as the 
nwragcb for long periods of pears. So runny years must 
be consiclcw(1 in taking such averages t,liat, the addition 
of  a5 ninny inore years will not, appreciably- alter t8he fig- 
i i r~s .  Tliiis, if 50.4’ F. is the average ternperitt8ure for 
the pcriotl 1750 t’o 1800, with 811 inherent reliability of 
plus or minus 0.3’ clepeiicling upon t,he agreement of the 
50 iiitliritliinl years nniong themselves, ancl if in a corre- 
spoiicling way wc get, 50.5’ F. plus or ininus 0.3’ F. for the 
average of lSClCl to 1S50, ant1 agniii get 50.6’ F. h i s  or 
niiiiiis 0 . 3 ’  17. for tlip arerage from 1Y50 t80 1900, t i ien we 
h ~ w  50.5’ F. for the avenge of  t8he whole three periods 
nit81i n relinl)ility of ,111s or minus 0.3’ F. The reliability 

peii upon 2% 50-year period in which unusual est,reines of 
t8eniperature have occurred. Such unusual extremes 
force one to feel that the climate is more variable than 
usunlly t81iouglit and t81iat averages are not  yuit8e so reliable 

The rtslinl d i t y  of an averiige or normal temperature, 
for instniivc, dw-n~-s clepeii(1s upon t8wo import8ant fac- 
tors; (1) tlir actunl riirintioiis o f  teiii >erttt,ure from year 
t o  year aiitl, ( 2 )  t8he number of years t8a \ <en into consiclera- 
tion. In orc1c.r to find t,he “iiicles of  re1iabiMy” we sim- 
ply cmiilxirr the nver:tge fur the 50 or 150 years with each 
jn(IivicIiiaI nnnual figure : t8aI)ulete uII the ~Iifferences; 
tnlw tlw ai-erngc of tdiese littter, regardless of the plus 

igns, ant1 multi1)ly it by tlie proper factor in the 
foIIi wiiig table. The rcwilt8 is the relinbilit8y of t81ie aver- 
ngy of nll the years o f  recorcl. Thcw factors are cliic)ted 
froin p:ig(b ‘15 of  t h e  Inqt ctlitlion of Dr. Hann’s Handbook 
o f  (‘liiiiatology, l)iit8 :trcb pro1)ably given in inaiiy t iwhses 
on the *‘theory of I)rohnbilit8ies” c)r t8hc laws of climcc” 
or “ tdit. iiietliocl o f  least squares.” 

p ~ ~ ~ i r t ’ b  o f  t I ie in+truments, t8he hours of observ-nt8ion, and 

1) n 1-11 1 )I cs  . 

incrensrs slowly wit ! i t8he lengt81i of record, unless we hap-, 

as ll~l1~ed for. 

Yenrs of record. Factor. 
2n ...................................................... 0.191 
2. ...................................................... 0.171 
30 ...................................................... 0.156 
35 ...................................................... 0.144 
40 ...................................................... 0.134 
50 ...................................................... 0.120 
GO ...................................................... il.109. 
SO ...................................................... 0.095 

100 ...................................................... 0.085 
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I n  the above example, the mean of each successive 
50,years was 50.4' F., 50.5O F., and 50.6' F.! respectively. 
These awrages seem to run ndoiig progressively, iucreas- 
ing as though t,he temperature of the region were s t cd i ly  
growing higher, a peculiarit,y t8hatt often hnppens to ther- 
moiiiet8ers ancl to exposures without lielonging tmo the 
climate pruper. But in this case as both thernioniet8ers 
and exposures were often checked against8 the standard 
and were properly correct,ed, we m q -  assume that oiir 
averages belong to the atmospheric temperature itself 
and that the air was ti little warmer tluring the last 
period thsii during tlie first. But, we are seeking fur tlie 
t#emperature of the climate wiaffectecl by the mriationh 
from year to year. Now, variations of nisiiy degrees 
cause irregularities of a few t8eiiths in the t~wrrtges, such 
that, we say t,he figure 50.4' F. is uacertiiin by plus or 
minus 0.3' F. as wiiiparetl with d i n t  we may expect t o  
get when we have enough years of recurcl at8 our tlispc)s:il. 
I n  other worcls, we expect that the lcing-t8iiiie a\-eriige will 
be somewhere between 50.1' F. and 50.7' F. So also 
with the other 50-year periocls ; the second periotl justifies 
us in expecting the true cliiiiatic average t80 lie hrt8wrcwi 
50.2' F. aiicl 5U.S' F.; the lltst period gives us the range 
50.3' F. to 50.9' F. These t8hrec ranges overla) erLc*h 

have proved a change of temperature in theqe 1.50 years. 
We can only say that, the cliangc, if m y ,  ha9 1 ) ~ e n  so 
slight, that  it is covered up by the orc1inar.v irregylaritieq 
and that the proper thing is to say there hnq not heen a 
demonstrable change in temperat8ure. On the ot81ier hand, 
we can combine nll t811ree periods together and say tlifit we 
have proved that, the average t8emperat8ure for 150 years is 
50.5' F., with a reliability of plus or minus 0.2' F.: or 
that the probable average temperature fur  a w r y  long 
period such as  500 years will lie between 50.3' F. ant1 
50.7' F., unless some unusually cold or warm p e r i d s  
should occur. These did not occur between 1750 and 1900, 
and these records give us no reason to think that t'liey wid 
occur. 

The longer we makr these records of temperature, so 
much the more likely are they to include therein a few 
estraorclinary years, m d  one or two centwiesis long enoiigh 
to embrace a few. 

Some climatic tnhles &ow in detail tlie exact numljer of 
departnres from a long-time aver:ige, arrmgecl in tlie ordei 
of size; thus for Vienna, whose average for the month of 
January during the 20 years lSS1-1900 is minus 2.2' C., 
we hare the following departures: 

other so perfectly that we have no right t80 say t I Int8 we 

Departure: Cases. 
0" to $10 ............................................... 3 
00 t c l  -10.. ............................................. 4 
+1" to +'io.. ........................................... 4 
- lo tn -io. ............................................ 5 
Above +." ............................................... 2 
Below -.O ............................................... 2 

Total. .................................................. 20 
- 

This little tabular illlistration for January shows a 
slight predoiiinance of the niumber of cases of departure 
townrtl low temperature, or, in other worcls 11 departtires 
on the negative sitle of the average counterbalance 9 
departures on the positive side. This is mother way of 
looliing at, the variability of January. 

These illustrations are given in order to enforce the 
principle accepted in all sound studies of climatology, 
that, c lliiatic nwrages prove nothing unless they relnte to 
the same vears and that comparisons between different sta- 
tiuiisforclifferent periodsiiiiist be held subject to the query: 
What are the reliabilities of the respective averages ? 

When the periods :it any two stations we may wish to 
coiiipare eiiihrnce nearly the same years but are deficient 
in :I few, then these deficiencies must lie allowed for 
before n fair compmisoa can be made, so that, the final 
ai-erages to be comparetl shnll as nearl>- as possible relate 
to some stnnclarcl interval of time. 

One method of reducing a short record of temperature 
to  n 33-venr recortl is given lw Prof. Bigelow on pawe 656 
of the hlonthly Weather Review for 1910. A metgod of 
reducing rainfall records, which will also apply to other ele- 
iiieiits,is given on pages 305 to  343 of the Monthly Weather 

23s  of that long article, Review of April, 1903. 
Prof. L4ng0t, now director of t ie C'entrnl Meteorological 
Bureau of Paris, states that  his interpolations for isolated 
months or years missing from the records of rainfall are 
clone by him according to t,he lam first formulated by 
1'. Foiurnie, Engineer of Roads ancl Bridges, in 1864. 

In conc,lusioii, averages prepared from ' '  all available 
figures " do not of themselves "show conclusively" any- 
t lkig positive about local climrttes and their comparison 
with others, unless the respective tlntn are thoroughly 
homogeneous as to quality and time. 

ing years of record so as to inclutle the saine period at each 
station, but niissiug months must be allowetl for, tilid espe- 
cially must a11 reliite to thesamehours of observation. It is 
this laborious attention to details that gives the data pub- 
lished by Hrtnn such a preeminent claim on our confidence. 

On pa7e 

Not, only must crude averages be corre 

C. A. 


